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COMBINED LITHOGRAPHIC/ 
FLEXOGRAPHIC PRINTING APPARATUS 
AND PROCESS 




BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates in general to printing 
TT\a<-hin»< and processes and in p aftf( * 1T||ir to ft combiacd 
lithograpfaic/flcxograpfaic in-line pri nti ng apparatus and pro- 
cess. 

2. Description of Related Ait 

As used herein, the following terms have the meanings 
indicated: 

ANILOX ROLLER 

or ceramic inlr m^i^n* ng roller. Us surface is 
L with tiny, uniform ceils that catty and deposit a 

i laver nf ink film rrr mating mP 1 *^ ! onto the 

i [flexo] flexographic presswork, anilox rollers transfer a controlled 
i from (he rubber plate (or rubber-covered roller) to 
> to print the image. Anilox rollers are also used in 
sle glue units and to create "scratcb-end-snuY* 
bads. 
ANILOX SYSTEM 

The inking method commonly employed on flexographic 
presses. An elastomer-covered fountain roller supplies a 
controlled ink from the inir pan to the engraved meter- 
ing roller- After ink floods the rmfoing roller, the fountain 
roller is squeezed or wiped usually with a doctor blade to 
remove the excess ink. The ink that remains the metering 
roller is then transferred to the rubber printing plate. 
COATER 

A device with a pan to contain the coating material, a pan 
rollff p*rH*lly jmrnff^j fa the coring nyffrifll r^n t^ i ft M fa 
the pan, and a coater roller to meter off a uniform film of the 
coating material and apply it to the printing plate. 
COATING 

An unbroken, clear film applied to a substrate in layers to 
protect and seal it, or to make it glossy. 
FLEXOGRAPHIC INK 

A quick-drying, fluid ink mat is highly volatile or an ink 
that can be water based and nonvolatile. 
FLEXOGRAPHY 

A method of rotary letterpress printing rhflntftnlifd by the 
use of flexible, rubber, or plastic plates wim raised image 
areas and fluid, rapidnlrying fn fr*- 
HALPTONES 

Dot-pattern images that have the appearance of 
continuous-tone images because of the limited resolving 
power of the human eye. This limitation accounts for an 
optical illusion; small halftone dots, when viewed at the 
normal reading distance, cannot be resolved as individual 
dots but blend into a continuous tone. 
LITHOGRAPHIC PLATES 

A lithographic plate is precoated with n light-sensitive or 
otherwise imagrahte coating, and the separation between the 
image and nonimage areas Is maintained chemically. The 
image areas must be ink receptive and refuse water and the 
nonimage areas must be water receptive and refuse ink. The 
wider the difference maintairmrt between the ink receptivity 
of the image areas and the water receptivity of me nonimage 
areas, the better me plate will be, the easier it will run on the 
press, and, consequently, the better me printing. There are 
several types of lithographic plates. The plate is an image 
carrier that is said to be planographic, ox flat and smooth. 
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LITHOGRAPHY 

A printing process in which the image carrier cr plate is 
chemically treated so that the image areas are receptive to 
ink. 

5 OFFSET PRINTING 

An indirect printing method in which the inked image on 
a press pUte is first transferred to a rubber blanket, that in 
turn "offsets" the inked impression to a press sheet. la offset 
lithography, the printing plate has been photochemicaily 

10 treated to produce image areas receptive to ink. 
SLURRY 

A water suspension of fibers or the suspension of pigment 
and adhesive used to coat papers. It may also include a 
suspended metallic material such as uniform- si2ed metal 
15 particles or nonunif arm-sized metal particles. 
ULTRAVIOLET INKS 

Printing inks containing an activator that «m«^ the 
polymerization of binders and solvents after exposure to a 
source of ultraviolet radiation. 
20 Offset lithography is a process that is well known in the 
art and utilizes me pUnographir method. This means that the 
image and nonprinting areas are essentially on the 
plane of a thin metal plate and the distinction between them 
is maintaine d chemically. There are two basic differences 
25 between offset lithography and other processes. First, it is 
based on the principle that grease and water do not mix. 
Second, the ink is offset from the first plate to a rubber 
blanket and then from the blanket to a substrate oo which 
printing is to occur such as paper, 
30 When (he printing plate is made, the printing image is 
mcde grease receptive and water repellarit ami me nonprint- 
ing areas are made water receptive and ink repeuant The 
plnte is mounted on the plate cylinder of the press which, as 
it rotates, comes in contact successively with rollen wet by 
33 a water or dampening solution and rollen wet by ink. The 
dampening solution wets the nonprinting areas of the plate 
and prevents the ink from wetting these areas. The ink wets 
the image areas which are transferred to the fnt«m.**M» 
blanket cylinder. The inked image is transferred to the 
40 substrate as it passes between the blanket cylinder and the 
impression cylinder. Transferrin? the image from th* r \*t* ^ 
a rubber blanket before transfer to the substrate is called the 
offset principle. 
One major advantage of the offset minc^e is that the soft 
43 rubber surface of the blanket creates a clecrcr irnpression on 
a wide variety of paper surfaces and other substrate mate- 
rials with both rough and smooth textures with a miifcnum 
of press preparation. 
Offset lithography has equipment for short, medium and 
so long runs. Bom sheetfed and web presses are used. Sheetfed 
lithography is used for printing advertising, books, catalogs, 
greeting cards, posters, labels, packaging, folding boxes, 
rirfalrornamni , coupons, trading stamps, and art reproduc- 
tion*- Many sheetfed presses can perfect (print both fi fat of 
33 the paper) in one pass through the press. Web offset is used 
for printing business forms, newspapers, preprinted news- 
paper inserts, advertising literature, catalogs, long-run 
books, encyclopedias, and m» ga»frM»« 
In offset lithography, the rubber blanket surface conforms 
6o to irregular printing surfaces, resulting in the need far less 
pressure and preparation, ft has improved print quality of 
text and halftones on rough surfaced papers. Further, the 
substrate does not contcct the rmnring plate thereby increas- 
ing plate life and reducing abrasive went Also, the image on 
63 the plate is right for reading rather than reverse reading. 
Finally, less ink is required for equal coverage, drying is 
speeded, and smudging and setoff are reduced. Setoff is a 



condition that results when wet ink on the surface of the 
press sheets transfers or sticks to the backs of other sheets in 
the delivery pile. 

Thus, io summary, conventional lithographic offset print- 
ing machines or presses comprise one or more image 
printing stations each having a printing roller or a plate 
cylinder to which is fastened a thin bydrophilic, oleophobic 
printing plate having image areas which are oleophilic and 
hydrophobic and background areas which are oleophobic 
and bydrophilic The plate surface is continuously wetted 
with an aqueous damping solution which adheres only to the 
background areas and inked with oleo-resinous inks which 
adhere only to the image areas of the plate as wet ink. The 
ink is offset transferred to the rubber surface of a contacting 
blanket cylinder and then retransf erred to the receptive 
surface of a copy web or a succession of copy sheets, such 
as paper, with an impression cylinder and the ink air dries by 
oxidation and curing after passing through a drying station, 

It is also known to provide the printing machine with a 
downstream coating station having a blanket roller associ- 
ated with a coating application unit for the application of an 
overall protective coating over the entire p""*™ 1 area of the 
copy sheets or web. 

It is known to apply pattern coatings of protective com- 
position by means of blanket rolls by cutting into the rubber 
surface of the blanket to create raised or relief surface areas 
which selectively receive the coating composition from the 
application roil for retransf er to selected areas of the copy 
sheets in form of pattern coating*. See VS. Pat No. 4.796, 
556. 

Lithographic inks are formulated to print from piano- 
graphic surfaces which use the principle that grease and 
water do not mix. Lithographic inks are generally very 
strong in color value to compensate for the lesser amount 
applied. They are among the strongest of all inks. Toe 
average amount of ink transferred to the paper is about half 
that of letter press because of the double split of the ink film 
between the plate cylinder and the blanket cylinder and the 
blanket cylinder and the substrate on the impression cylin- 
der. 

Problems occur in the offset lithographic process when 
attempting to print certain colors such as white and in 
parrfnilnr white on other colors such as yellow because the 
color white will be faint and not sufficiently strong. In such 
cases, the sheet or paper or substrate requiring the white ink 
usually has to be ran through the same printer several timet 
before the white becomes sufficiently strong. 

Further, such colors are not generally printable in an offset 
lithographic printing process. This means that the sheets or 
substrate must be removed and transferred to a second type 
of machine using the flexographic process to apply greater 
amounts of ink in successive printing runs to achieve the 

desired rrin* qu ft lf*y - — — ^— — 

* on occurs with the printing of slurry-type 

"scratch-and- sniff" m«twia|« which is a 
a slurry containing an encapsulated 
I vehicles, because of the nature of the 
slurry, must 6V&nted with a flexographic process because 
the « nil ox roller can supply greater amounts of ink to the 

flexo plate on the map cylinder. - 

Again, when a liquid vehicle with a slurry having sus- 
pended m ptfrfal therein such as m**«*lP r particles is to be 
printed, an offset lithographic process cannot be used with- 
out the mixing of the aqueous solution with metallic inks 
which cause a dulling of the image. Further, the above- 
mentioned double split of die ink fii*n adds to the dulling of 

thn irrmgy- Thwtnn*, fn *rhi*v* ApmrA remits, the printing 
rrftntt take plftCT With a fleXOgraphiC prfnring marhint^ 
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Thus, liquid opaque coatings or inks such as while colored 
ink. scratch-and-sniff vehicles, and slurries with metal par- 
ticles do not achieve desired results when printed in an offset 
lithographic process and must be transferred from the offset 
J lithographic in-line machines to a separate m»^~ far 
printing in a separate run. 

Such requirements not only hinder the speed of the 
printing process but also require additional time and thus 
increase the cost of the printing. 
10 a would be advantageous to have a continuous in-line 
process in which not only offset lithographic printing could 
take place but in which, in the same in-line process; liquid 
printing vehicles including opaque coatings, such as white 
ink, and slurries containing encapsulated essences or metal- 
is ^particles could also be printed and oned not only before 
thepnnting of the offset lithographic inks but also in which, 
after the liquid opaque coatings have been applied, an 
overcoating could be applied to the printed liquid vehicle 
image using the lithographic process in the continuous 
20 in-line process, 

SUMMARY OF THE INVENTION 
tits present invention provides far a continuous in-line 
23 Pri^kS process having a plurality of successive printing 
stano ns for printing color images on a substrate, Al least one 
of the stations prints a liquid vehicle image on a substrate 
with an opaque coating using the flexogrsphic process and 
at least one of the successive printing stations printing o 
30 560011(1 image over the liquid vehicle image Tonthe 
printed substrate using the lithographic process in the coo- 
tinuous in-line process. 

In the novel inventive system, a single in-line continuous 
printing process is used. One of the stations may print a 
33 l "J uid vehicle image on a substrate that contains a slurry 
with an e ncapsulated essence therein utilizing the flexo- 
grapWc process. Another one of the stations may apply an 
overcoating over the liquid vehicle image on the printed 
substrate using a umographk process. Stfll another of the 




a suspended metallic material therein using the Olographic 
process to form a metallic coating and thereafter at least one 
of the successive printing stations prints a color image over 
the aqueous-based vehicle image using the limographic 
offset process in the continuous in-line process. 

Whene/cr a station is used far flexographic printing, a 
flexograjSyc plate image is placed on the blanket cylinder 
far rugging the liquid vehicle and transferring the liquid 
vehMety me impression cylinder far printing. An &nHox 
roDer is associated with the Autographic fox supplying 
th* liquid vehicle which may be an aqueous-based vehicle. 

In addition, in such case, a high-velocity air dryer is 
associated with the impression cylinder of evermore of the 
printing stations where the printing on the substrate is 
55 occurring to assist in drying the ink or liquid vehicle printed 
on the substrate while it is on or near the impression 
cylinder; before the substrate arrives at the next successive 
station for additional printing, or before printing occurs at 
the next successive ffation, 
60 Thus , if a liq uid vehicle such as while ink is to be printed, 
it is printed with a flexographic process which deposits a 
greater amount of ink on me substrate, the ink is dried with 
aW^-velocity air dryer while the substnte is on or near the 
impression cyikteandrmortofasubstr^ 
65 by the next successive station, ff desired; at the next suc- 
cessive station the printing of the white liquid vehicle may 
again take place thus ensuring the desired intensity of 
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whiteness on the substrate. Subsequently, it the next suc- 
ceeding station a printing may take place on top of the white 
printing and such printing may continue at the remaining 
successive stations. 

Thus, it is an object of the present invention to provide a 
plurality of successive printing stations for prin ting color 
images on a substrate in a continuous in-line process and in 
which some of the stations print using the fiexographic 
process and other of the stations print utilizing the offset 
lithographic process. 

It is also an object of the present invention to print an 
aqueous-based vehicle image including a suspended metal- 
lic maf mH therein using the fl geographic process at one 
printing station and at least one successive printing station 
printing a color image over the aqueous-based vehicle image 
using a lithographic process in a continuous in-line process 
or placing an overcoating over the aqueous-based vehicle 
image using the flexograpbic pr o cess and then printing at 
successive stations nsing the lithographic process. 

It is yet another object of the present invention to provide 
a continuous in-line printing process in which one of the 
stations prints a liquid vehicle image on the substrate with a 
slurry containing an encapsulated rssrxscr using the flexo- 
graphic process and at least one of the successive printing 
stations applies an overcoating over the liquid vehicle image 
on the printed substrate using the offset lithographic process 
in a continuous in-line process. 

BRIEF DESCRIPTION OP THE DRAWINGS 

These and other features of the present invention will be 
more fully disclosed when taken in conjunction with t he 
following DETAILED DESCRIPTION OF THE PRESENT 

INVENTION in whjch like nimwrft lt repre^P* I fc e Hrt n t flT 

and in which: 

FIG. 1 is a schematic view of a prior art offset lithography 
printing station; 

FIG. 2 is a generalized depiction of a printing station that 
may be used either as an offset lithographic station or a 
flexogr&pbic printing station and illustrates how the station 
may be converted from an offset lithographic station to a 
flexogr&pbic station; and 

FIG. 3 illustrates the continuous in-line process of the 
present invention comprising a plurality of printing stations, 
each of which can be converted from an offset lithographic 
printing station to a flexographic printing station as well as 
a final "*»*in g station. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

FIG. 1 is a schematic representation of a well-known 
offset lithography fainting station 10 having a plate cylinder 
12, a blanket cylinder 14, and an impression cylinder 16. The 
printing ™<»»"™ or substrate, such as paper 20 either in 
sheet form or web, is fed over the impression cylinder 16 in 
printing contact with the blanket cylinder 14 to receive the 
image and then passes over the paper transfer cylinder 18 
with the image printed thereon. An inking system 26, well 
known in the art transfers the ink from the ink supply to the 
plate cylinder 12. This is a typical offset litnograpty printing 
station. 

As disclosed in US. Pat No. 4,796\556\ offset litho- 
graphic printing w m^ tn^ generally have a plurality of 
in-line Kg * ytd up pti ct fon stations at least one of which ii an 
inir image printing station far printing lithographic ink 
images on to suitable receptive copy sheets. The final 
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downstream liquid application station is a coating applica- 
tion station for printing a protective and/or aesthetic coating 
over selected portions of or over the entire ink-image printed 
surface of the copy sheets and can also be used to print 
5 f S?! E c M coa,in 8 s " siimy - M siaiod in VS. Pat No. 
4,796.556, two liquid application stations are shown, the 
latter including a coating apparatus and the first station being 
a conventional offset image printing station. The coating 
application printing station is one that can be modified to 
io convert it either permanently or intermittently to a coating 
station from an offset lithographic station. 

Such a station is illustrated in FIG. 2 herein. The station 
30 comprises a housing 33 which includes therein a plate 
cylinder 34 that is fed with an ink system of rollers 36 that 
is take ink from an ink supply 38 and transfer it to the plate 
cylinder 34. A blanket cylinder 40 is in ink transfer rela- 
tionship with the plate cylinder 34 and the impression 
cylinder 42 where the image is transferred to a substrate 
passing between blanket cylinder 40 and impression cylin- 
20 ^ 42 as blaata(7iinaer 40 rotates mtte 

52. This is a conventional offset lithogrnpUc printing sta- 
tion. When it is desired to convert that station into a cooler 
station, the coater apparatus 43 has a coater head 44 indod- 
ing a supply of liquid coating and an amloxmllerAStt t M/-r»i 
25 be moved such that it can be in contcct with either the 
blanket cylinder 40 for direct printing or the plate cylinder 
34 for offset printing. In this case, the ink rollers 35 far the 
lithographic system are removed from engagement with the 
plate cylinder 34 in a well-known manner. The coater unit 43 
30 includes a motor device 45, an arm 47, and a pivotal 
connection 48 that connects the coater head 44 with the 
remainder of the assembly. 

As stated previously, the offset lithographic 
FIO. 2 is converted as shown therein to a coater that is used 
35 only in the last stage of an in-line printing process. It has not 
been able to be used in stages other man the last printing 
station because the ink that is placed oo d» blanket cylinder 
by means af an anilax roller is still wet when it arrives at the 
subsequent stations, thus causing smearing of the printed 
40 material and causing a general mmosaibiUty of printing 
other information thereon. However, applicant has modified 
the station shown in FIO. 2 by the addition of a Ugh- velocity 
air dryer SO that is associated with the impression cylinder 
42 directly ate the ink is transferred from the blanket 
45 cylinder to the substrate on the impression cylinder. Thus by 
using flexogrophic inks, or aqueous coatingo which ore 
naturally quick-drying inks, and the high-vdodty oh dryer 
50 locate4 tt P°to where the ink is applied to the 
substrate on the impression cylinder; the Ink is sufficiently 
50 dried when it passes to the next station that ftmher pawing 
can take piece on the printed su bs trate. 

Thus, as shown in FIG. 3, a conventional in-line offset 
lithographic printing machine 52 is shows having on appa- 
ratus to feed paper into the said mjvMn* referred to as a 
53 feeder 54> printing stations 36, 38, 60, 62, and 64 and a 
coating station 66. A delivery station €8 receives the printed 
material or substrates. Thus there are a plurality of succes- 
sive printing stations 56 t $8, 60, 62, and 64 far printing color 
images on the substrate in a continuous in-line process. Any 
60 one of the printing stations 36-64 con be modified as 
generally shown therein and as In FIG. 2 to p""* 

a first color image using the flexogrophic process. The 
succeeding printing stations can then print a second ™|**r 
image over the first color image using the lithographic 
65 process in the continuous in-line process. As rnnfwncd in 
FIG. 2. the flexograpfaic process printing stmirm fac M f ff 
blanket cylinder 40 and the Impression cylinder 42. A 
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flexographic plate 41 on the blanket cylinder 40 has an 
image thereon for receiving the first color from the anilox 
roller 46 and transferring mat first color image to the 
impression cylinder 42 for printing on the substrate. The 
high-velocity air dryer SO thus dries the flexographic ink on 
the substrate and passes the substrate to the subsequent 
printing station. Thus in FIG. 3, station 56 may be modified 
as generally shown therein and as illustrated in FIG. 2 and 
a flexographic ink can be printed thereon at station 56, dried 
by the high-velocity air dryer 50, and coupled to subsequent 
in-line stations 58-64 for further printing a second or more 
color images over the first color image using the offset 
lithographic process in a continuous in-line process. The 
flexographic printing station shown in FIG. 2 may print a 
liquid vehicle image on the substrate with a slurry contain- 
ing an encapsulated essence. At at least one of the successive 
printing stations 58-64 an overcoating may be applied ova 
the liquid vehicle image on the printed substrate using the 
flexographic process in the continuous in-line process. The 
overcoating may be an aqueous overcoating, or an ultravio- 
let overcoating. In addition, the substrate may be a sheet or 
a web 20 as iUustraied in FIG. 1 or it may be single sheet red 
in the continuous in-line process from the stack sheets 
shown at 54 in FIG. 3. 

Further, the modified flexographic printing station 30 
shown in FIG. 2, as stated previously, may be any one of the 
stations 56-64 in FIG. 3, and as illustrated by stations 56 and 
58, and may print an aqueous-based vehicle image including 
a suspended metallic material therein using die flexopupbic 
process to form a metallic coating. Again, after it is dried by 
the high-velocity air dryer 50, it may be passed to one of the 
successive printing stations for printing a color image over 
the aqueous-based vehicle image using the offset litho- 
graphic process in the continuous in-line process. The sus- 
pended material may Include uniform-sized particles 
to farm the metallic coating or it may include nonuniform or 
mul t iple -sued metal particles to form the m***ii.> coating. 
The present invention is especially useful when a liquid 
opaque coating must be printed such as a white color ink. In 
that case, it may be desirable to have both stations 56 and 58 
modified as shown in FIG. 3 and as flfaffntfij in detail in 
FIG. Z Id such case, the amlax roller 46 at each station 
deliven the while ink in the same pattern to the flexographic 
plate 41 on (he blanket cylinder 40 for transfer to the 
substrate on the impression cylinder 41 As the substrate 
passes the high-velocity drying station 50, the ink is dried 
and the second station may again print the white 
pattern on the substrate to increase the quality of the white 
ink appearance after it is applied to the substrate. 

Thus, the station or stations that are converted to flexo- 
graphic printing stations may have an ink-providing m»«"« 
46 at the printing station for applying a flexographic ink to 
the blanket cylinder to form the image. A substrate receives 
the flexographic ink image transfer from the blanket cylinder 
and at least one subsequent printing station in the in-line 
process receives the image-printed substrate and prints an 
additional coated ink image on the substrate on top of the 
flexographic ink image using offset lithography. The addi- 
tional colored ink images that can be printed on top of the 
flexographic ink images can be conventional lithographic 
inks or waterless inks. 

Further, the colored ink images may be printed with 
halftone screening processes. The flexographic ink image 
and the colored ink images may also be printed in solids 
and/or halftone printing plates in sequence and in registry in 
successive printing stations to produce a nmlticolored image 
on the substrate. Further, the printing apparatus may 
a sheetfed press or a web press. 



